The purpose of this study was to investigate the flexural properties of denture base resin reinforced using glass fiber cloth and a urethane oligomer.
INTRODUCTION
Improving the strength of acrylic denture base resins not only reduces cracking and breakage, but also the thickness of the resin matrix.
One method of strengthening a denture base resin is to incorporate glass fiber cloth reinforcement into the denture base resin1-7). Apart from the strengthening effect, glass fiber cloth has some other merits: it is esthetic, it can bond to the denture base resin chemically by silanation, and it can be shaped readily. However, it is first necessary to overcome the technical difficulties of using glass fiber cloth before its practical benefits can be realized.
The first difficulty arises from the need to incorporate a flexible glass fiber cloth into position under tension in a denture base resin.
The next difficulty arises from the need to eliminate air bubbles at the interface between the glass fiber cloth and resin matrix.
Previously8), we produced a new light-curing reinforcement for denture base resin. It was made from glass fiber cloth pre-impregnated with a urethane oligomer, and we discussed four different surface conditions: with or without the polyethylene film and with or without a bonding agent.
This reinforcement can be incorporated into position under tension in a denture base resin and it adsorbs no air bubble near the reinforcement.
In this study, reinforcement sheets produced with glass fiber cloth and urethane oligomers with various functional groups and viscosities were applied to self-, heat-, and light-curing denture base resins, and the flexural properties were investigated. Flexural properties measurement The test specimens were polished with wet-and-dry polishing paper (# 1200) until they were 3-mm thick and 7-mm wide. The warp is used along the longitudinal direction of test specimens and acts against the tension in flexural testing. A three-point flexural test was conducted using a universal testing machine (TG-50kN, Minebea, Nagano, Japan) at a cross-head speed of 2mm/min and span length of 30mm. The flexural strength (FS) and flexural modulus (Fm) were then calculated using the formulas below: It is absolutely necessary to bond the reinforcement adequately to the denture base resin to obtain a stiffening effect.
MATERIALS AND METHODS

Reinforcement
Vallittu11) stated that the increased fracture resistance of an acrylic-fiber composite is dependent on the adhesion between the acrylic resin matrix and the f ibers12-14). Silane compounds can be used to improve the adhesive properties of fibers. The glass fiber cloth used in this study was Eglass, which is reported to adhere to methacrylate when silanized12). In Fig. 2 , where there are no statistical differences between the flexural strength of reinforcement/denture base resin composite and that of reinf orcement/oligomer composite, or where the flexural strength of reinforcement/denture base resin composite is statistically increased against that of reinf orcement/oligomer composite, it indicates sufficient bonding at the interface between reinforcement and denture base resin.
When a load was applied to a PMMA specimen in the flexural test, tension occurred within the lower half of the specimen (i.e., below the neutral axis). The PMMA specimen then caused devitrification due to the lengthening of polymer matrix.
Finally, the PMMA specimen broke apart completely when the lengthening limit was reached2). In this study, all fractures were perpendicularly generated near the center of test specimens, but not at the interface between resin and urethane oligomer reinforcement. Fig. 4 shows the spread of devitrification in the specimen. Devitrification was observed in the glass fiber cloth of all test specimens using this reinforcement; however, devitrification was not observed in PMMA. This observation showed that, in the rupture process, deformation did not lead to devitrification in the PMMA matrix since the glass fiber cloth used in this study was a brittle material.
The devitrification of glass fiber cloth, except with S9, reached within several millimeters from the fracture surface.
Therefore, there was sufficient adhesion between the oligomer and denture base resin ( Fig. s 4 (a), (b), and (c) ). The devitrification of the glass fiber cloth with S9 spread considerably wideplane and as it approached the fracture surface, the intensity of devitrification became stronger too (Figs.  4 (d) and 4 (e) ).
Considerable part of the oligomer would be transformed by the tensile deformation of the glass fiber cloth. Moreover, since there was sufficient adhesion between the resin and urethane oligomer reinforcement, this concentration gradient of devitrification would arise. Though the flexural strength of reinforcement/denture base resin composite statistically decreased when compared with that of reinforcement/oligomer composite, the RS+AC specimens of (d) and (e) and the RS+TR specimen of (e) in Fig. 2 did not peel off at the interface between reinforcement and denture base resin. The structure of test specimens used in this research their forms subsequently restored by polishing. Therefore, the deformation of reinforced denture base resin should be further examined in greater detail19).
The flexural moduli of RS+PR and RS+TD using S9, which could not be measured when cured with the oligomer alone, were 5.2 and 4.1 GPa respectively. When correspppppesponding measurements were performed for U6 (which has low flexural modulus as oligomer alone), the moduli values were 6.1 and 6.6 GPa respectively.
The inclusion of S3 -which has the highest flexural modulus of all the oligomers alone -gave respective moduli of 5.6 and 5.0 GPa. Therefore, the addition of glass fiber cloth had a greater effect on the elastic modulus than did the oligomer type. 
